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INTRODG CTICA 


Caesium, rubidium, and lithium are sometimes cescribed es the minor or. 
rarer alkali metals. ‘“'ne generally occur togetner in nature, althougi: iithium 
is distributed nore Widsiv and is far more abundant than either of tne ctner ‘two. 
The chemical, and even tie ohysical, propertics of tacse three elements can best 
be considered in conjunction with the more familiar. members of the alkali CTOUD 
sodium and votassium. 3 


The five elements litnium, sodium, »otassium, ribidiun, and caesium snow 
an interesting ~radation in vroverties fron member to member witan the increase in 
atomic weignts. All are silvery wnite and soft enough to be cut vith a knife. 
They tarnish rapidly in air and decompose vater at ordinary temmerzatures. The 
lovest temperature at which the action of the several. mctels on water can: te de- 
tected is -980C. for soditm, ~10500. for votassium, -103°9C. for rubidium, and 
-116°C. for caesium. The chemical activity a@opears to increase steadilv Eom 


1. The Bureau of tines will welcome resrinting of this apt icle. vrovided the 
following footnote acknowled;ment is used: "Reorinted Trom U. S. Bureau of 
Mines Information Circular 6210." | | 

2 Mineral svecialist, rare metals and popueees pat aSnOns U. s. ‘Bureau of i ines. 
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lithium to caesium. All manifest a remarkable cfvinity for:oxy*en, and caesium 
and rubidium ignite soontansously if laced in Grv ox: en at room tenmerature.— 
On the otner hand, sodiun and litaiun nave feebler af elaitice. All the metels, 
however, lose tueir luster at once aen exposed to air. Sodium, »ctassium end 
litnium are stored in an oxyyen-free liquid, such as water-free ether, napdtna, 
or kerosene, but rubidium and crosium mst be kept in a vacuum. 


Physical proverties of the alvrali metalst 


“ae ag Eos 


Atomic weight ...... ‘ ‘ 85. 45 132.81 
Svecific gravity ....... 1.525 1.903 
Atomic volume ....... 55.8 71.0 
Melting point, Pedtierais 39° 28.50 

Do. Fahrenheit 102 78.30 
Boiling point, Centigrade. 6960 6700 

Do. Faurenheit 12849 12389 
Specific heat at 0° C. .. 0802 .0522 
Coefficient of exvansion. _, .000338 .000345 
Heat of fusion (cal.) . 6.144 3.766 


1 Mellor, J. W., A eesrenoneies agence on a Inorganic and Tuacretical Chemistry. 
Vol. 2, London, 1922, p. 880. < . 


. . 
e-e8 ®@ * © * 4 


Different values have been reported for the snecific pravities, nresumably 
because it is difficult to vrenare the absolutely sure metals. All, nowever, are 
exceptionally list and have large atomic volumes. Lithium, in fact, is.only a 
little more than half:as heavy as water and is the lightest element solid at” 
ordinary temperatures. Jt. is the only one of tne five that fails to melt een 
the boiling point of water, and its melting point is only 180°C. 7 


The oxides and hydroxides or the alt:ali metals are jedicsdie Uasie, The 
physical properties of the salts - solubility in water, molecular volume, optical 
properties, and variation in form of tne crystals - snow the same order of varia- 
tion as the atomic weights of. the elements. The salts of the metals - nitrates, 
chlorides, sulphides, sulphates, phosphates, carbonates, etc., are nearly all 
soluble in water. However, the salts of lithium, notably the carbonated pnosphate 
and fluoride, are much less soluble than the corresponding salts of the other mem- 
bers; in this respect lithium seems to te a sort of connecting lin’ between the 
members of the alkali group and the alkaline earth ;roup, of which calcium is the . 
first member. The alkali sulvhates form characteristic isomorphous alums, out 
lithium alum anpears to be so soluble tist it nas not yet been crystallized. 
Sodium resembles lithium in the solubility of its chloroplatinate, acid tartrate, 
and alum, and this resemblance isso strong that tne five alkali metals are some-~ 
times divided into two classes according to whether the chloroplatinates (1) are 
readily soluble (sodium and lithium um) or (2) are comparatively insoluble 
(potassium, rubidium, and caesium). 


3 Mellor, J. W., A Comprehensive Treatise on Inorganic and Theoretical Chemistry, 
Vol. 2, London, 1922, pp. 442-443 and 830. 
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HISTORY 


Had it not been for the. spectroscope tne discoverv of. the elements. caesium 
and rubidium vould doubtless have been’ long nostyoned. In 1846 C. F. Plattner. 
analyzed the nineral pollucite from the island of Biba and wes mystified by the 
fact thst the constituents aonarently totaled only 92.75 per cent. Careful © 
search railed aan reveal eny error in analysis or an constituents that hed been . 
overlooed, and the problem remained unsolved until 1860, when caesium was dis-. . 
covered. In oy four years after the discover~ of caesium, Pisani repeated the 
analysis of pollucite and found that tne alkali metal Plattner had called . 
potassium was in reality caesium. . When corrections were made for the differences 
in atomic weights ‘of caesium and pevecerun Prayer peeuive were found to be 
quite accurate. . : te 


In 1860 Bunsen used tue newly devised spectroscope to examine thé mineral 
constituents of the spring vater et Durkheim, and discovered two blue lines of 
unknown origin. He bacame convinced that they vere. characteristic of a new allzalj . 
metal and proposed the name caesium from the Greek for "sky blue.".. Forty tons of | 
water mere pevepemane? in order ta Nee paouee caesium salts for cxpentments. | 


Caesium was the first element aiecosenca by. the use of the ‘spectroscope, 
and a year later (in 1861) rabidium was discovered by the same means. Bunsen and 
Kirchhoff vere then studying the alkaline constituents extracted from sanples of 
lepidolite from Saxony and found thet..the chloroplatinate precipitate contained a 
salt somewhat less soluble- tian the potassium salt and, whose spectrum had new 
lines in the violet, blue, green, veilow, and red. Especially prominent were two 
red lines lying boven Fraunhofer:s line in the outermost portion of the red 
solar spectrum, hence tne nane rubidium, "dark red," was sugcested- for tnis new 
element. Suci small amounts were present in the mineral witn wnici Bunsen and 
Kirchhoff were working that they used 150 kilograms to obtain enough. of the new 
element to permit a study of aus fe ae : oo 


Lithium nad been Saeiaeed Kone years vefore caesium and rubidium were . 
found and was discovered by Aug. Arfvedson. While woricing in Berzelius! labora- 
tory in 1817 he found a new element in the minerals petalite and soodumene and 
named it lithium, meaning "stony," in contrast to sodium and potessium, which are 
widely distributed in vlants and animals. This element differed from the known 
aliali metals in the insolubility of its carbonate, tne hygroscopic nature of its 
chloride, and the low MeEE ENE points ee the enroe see and Sune es 


Later vork of Bunsen and Kirchhoff with the ae eee ener ed that 
litnium vas also distributed very generally in animal and plant tissues, althouzh 
usually in extremely small auantities. 
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MIAERALS AND ORES 


Although bie minerals from % ich caesium, rubidium, and lithium may be 
extracted ere distributed rather widely in nature, the lmnown minerels and devosits 
rich enough to furnish lerge swoolies are few. Lost of the minerals contain at 
least a trace of all three elenents. -Several minerals comparatively rich in 
lithium are known, but only one (pollucite) is high in caesium, end no definite 
rubidium minerals are knovn. Lepidolite, the best !nown of the lithium minerals 
in a number of localities carries from a trace to more than 3 wer cent of rubidium 
oxide (Rbo0), and a small fraction of a ver cent of caesium oxide (Cs20). Lepido- 
lite, in fact, carries more rubidiun than any other known mineral, although on 
very incomplete data a tiny specimen of a rubidium mineral, rnodozite, from the 
Urals has been described. The princioal lithium minerals are lepidolite, 
amblygonite, and spodumene. | | : 


Lepidelite, the richest rubidium-bearing mineral, is a complex litnia- 
mica containing 4 to 6 per cent of Lio0, as much as 0.77 per cent of Cs00, and 
as much as 3 per cent of RbdoO0. Although the clean mineral may contain 6 per cent 
of Li50, it usually contains nearer 4 per cent, and, as mined,the mica is very 
impure and the lithia content is usually nearer 2 ver cent, so that it is not as 
important as a source of lithia salts as amblygonite or spodumene. 


Amblygonite, a lithium aluminum fluophosphate (2LiF.Al003.P005), carries 
8 to 9 per cent of LioO and is one of the principal sources. of lithium. It does 
not contain appreciable quantities of caesium or rubidium. -: 


Spodumene, a lithium-aluminum silicate (Li20.412Q3.48102), carries 4 to - 
8 per cent of Lisd. 


Sundry other minerals, notably petalite (Le0.A1003.48102) and triphylite — 
(LiFePO4 with some manganese) and the grades to lithiophilite (LilinPO4, with some 
iron) contain considerable percentages of lithium and: may contain very small 
quantities of rubidium and caesium, but the total amounts available are too small 
for tnen to be of importance as a source of lithium. All the minerals named are 
found in pegmatites. Lithium has been found: in more than 40 other minerals in. 
quantities ranging from spectroscopic traces to more than 9 per cent (the last in 
a mica), but none of the minerals are important as a possible source of lithium 
under present on conditions. 


The following table gives tyvical analyses | of lithium minerals mined as 
sources of lithium compounds. 


4 For further discussion of tiuis mineral see: iivers, i. ii., Mica-- Part I. 
I. C. 6205, Bureau of iiines. 
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Typical composition of lithium minerals mined as 
sources of lithium conmounds 


Spcéunene Lepidolite | Amblygonite 


Silica (S105): <ssevseieues Seatac ae a oe 
Alumina (Als03) . ee ee . 34 
Litnia (Lic0) - diane rie ices tetareicecese ee ee Si, 9 
Potash (XK: 0) 5 th enactraneaeca etarnaieiereaba aid anens ase -.- 
Phosphoric acid (Po0s) . Susi ets aati : 48 
Water (Ho0) combined alsin stg ainie'e Spies 9 5 
Fluorine (F) ....... geese sa alts iatiesateh a sacra : 5 
Iron, neAaneeo ite. ma enesia, soda . 1 
ee 4 2 102 

Less oxygen equivalent of fluorine .... 2 
on = 100 


1 Schaller, W. T., Litnium Mineials. Mineral Resources. of tne United States, 
1916; Part II, Nonmetals. U. S. Geol. Survey, 1919, pp. 8-12. 


TESTS FOR IDENTIFICATION? 


Caesium and rubidium, being similar to potassium, mav be precipitated as 
platinic chlorides (CsPtCle or RbRtClsg). These precipitates, which are much more 
insoluble than the corresponding potassium compound, vorecipvitate in a more finely 
divided condition, and the caesium salt has a paler color. For: positive identi- 
fication it is best to heat: some of the precipitate on a platinum wire and examine 
the flame with a spectroscope. 


Tne crimson color that lithium imparts to a fleme usvally serves for its 
identification. Tne cclor of a pure lithiun flame is nearly morochroriz':ic, show- 
ing when examined with the,spectroscope one bright ¢rimson and one very faint... 
yellowish-red band. Sodium has a disturbding influence, but this is mit'..xated by 
the fact that lithium is: more volatile then: sodium. When, therefore; the assay 
is first introduced into the flame the red of lithium will show before the 
yellow of sodium; and when the flame is strongest, if the position of the assay 
is changed to where the heat ‘is less intense, the yellow will disappear first 
and the red of lithium will -be seen distinctly. When the proponyson of sodium 
is large, however, the spectroscove must be emvloyed. | 


USES 


caseiun and rubidium apnear on the market as salts, mainly chlorides, 
nitrates, and hydroxides, and only rarely in their metallic state. 


© Brush, Geo. J., and Penfield, 5. L., Manual of Determination Mineralogy. 
seg NeW York, 1901. Cesium, p. 58; rubidium, p. 107; and lithium, p. 90. 
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There has been little dem for caesium. The yrincipal use at vresent 
ls in the manufacture of radio tubes. The caesium is introduced into the tubes - 
in the form of cnloride, mixed with magnesium or calcium, and is compressed into © 
small tablets or "pills"; at one stage in the manufacture of the tube the pill 
is flashed, eliminating the last trace of air and thus securing the desired | 
vacuum. The caesium chloride supplies positive ions at the surface of the fil- 
ament. | — 


Both caesium and rubidium are employed to a limited extent in the man- 
_,ufacture of photo-electric cells. Rubidium, however, apnears to be more suitable 
- for this than caesium, because an extremely thin layer can be applied on the 
inner side of the glass. In the manufacture of these cells the metal, either 
caesium or rubidium, is introduced in excess but later is removed entirely ex- 
cept for the molecular layer that has formed on the silver or other base-metal 
electrode. The vhoto~emission of the molecular layer of metal is greater than 
that of the massive metal. 


Rubidium compounds are employed in larger amovnts than the metal because 
they have proved their importance as reagents in microchemistry; their ability 
to form crystalline compounds readily, maltes them of great value in this im 
portant and rapidly developing field. 


Unlike caesium and. rubidium, lithium minerals are used both as they 
occur in nature and as sources of lithium salts and compouncs. One of the 
earliest uses for lithium salts was in the manufacture of lithia water and other 
medicinal preparations. but the use of lithia water has declined rapidly in 
recent years. ‘The carbonate, phosphate, nitrate, and organic POO nree are eee 
for mednesnet PUEpOBes. | : 


At present the ieeeeet use toe lepidolite is in the manufacture of opal 
glass. It is ground and added, either fused or unfused, to the glass batch. 
Lepidolite to be used in glass~making must be free from tourmaline and other 
possible Pon Galen mavereal se Patents. cover the use of the mineral for this 
purpose. . 


In epetechaliee. lithium chloride is used to impart a crimson color to 
fireworks and signal lights. Fairly large quantities of several of the com — 
pounds of lithium are used in other ways. For example, lithium hydroxide is 
used in alkaline electrolyte storazte batteries, lithium bromide and iodide are 
employed in photography, and lithium carbide is used in Roentgemray exveriments. 


Lithium metal, as such, has no known use owing to its softness and rapid 
deterioration by water, but in recent years considerable research has been Made to 
determine the possibilities of alloying lithium with other light metals such as 
beryllium and aluminum. In 1920 United States patent 1,333,965 was issued to 
Frank A. Fahrenwald for an alloy of extreme lightness, fair permanence and con- 
siderable hardness, in which the component parts were lithium and beryllium. 
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The beryllium vrotects the lithium from oxidation bv moisture or heating and from 
further action if oxidation has begun by producing upon the surface of the alloy 
a closely adherent, finely textured insoluvle oxide that »revents further oxida- 
tion. The lithium content may be as hich as 25 per cent. This alloy apparently 
does not corrode faster than iron, and’ its specific gravity is only about 1.5. 
By increasing: the proportion of lithium to about 65 per cent an alloy as light as 
Water can be produced, and although ‘such an alloy corrodes fairly rapidly in the 
presence of water it can be protected sufficiently for many purposes by plating 
or covering. If the percentage of lithium is increased slightly avove 65 per 
ceut, small quantities of alumirum or zinc may be added to increase the hardness 
end strength, but the alloy will retain a. specific gravity little or no greater 
than that of water. 


Aluminum to which a very snall percentage of lithium has been added has 
been used to a limited extent in Germany for trucks and bed frames of street and 
pase ey. cars. This alloy is excentionally strong. 


Since lithium oxide has a low fusion poe Lithium — been suggested 
as a deoxidizer of (copper. | | 


SOURCES OF SUPPLY AND FRODUCTION | 
| California 


The minerals from waich caesium, rubidium, and lithium may be extracted 
occur in only a few regions in the United States, principally in California, 
South Dal:ota, New Mexico, and Maine. : 


The Stewart mine, in a pegmatite about 1$ miles northeast: of Pala, San 
Diego County, Calif., has produced lepidolite at intervals for a number of vears. 
Amblygonite and svodumene are also found in the deposit, but in small quantity. 
The caesia (Cos0) content of the lepidolite is about 0.3 per cent, whereas the 
lithia (Lio0) content ranges from 2 to 6 per cent. Mining yore one on this 
property are very simple. Tunnels are run through the country rock to tne 
lepidolite, which is blasted out, rolled down the hill, and shiv-ed without 
furtner treatment. Little foreign or waste material has to be removed. 
Practically all of the shipments have been made to glass companies in the east. 


Soutn Datzota 


The Etta mine, in a large oval mass of very coarse pegmatite near Key- 
stone, is the best known producer of lithium-bearing minerals in South Dakota, 
but wes originelly opencd for mica. Spcdumene in huge crvstals, carrving 4 to 6 
per cent of Lio0, is the only lithium inineral. The alteration of the spodumene 
at this mine is a feature of considerable scientific interest and much economic 
importance. Various degrees of alteiation are shown from fresh spodumene with a 
hardness of 6.5 to 7 and a svecific gravity of approximately 3.2 to much altered 
material with a hardness of only 2.5 and a specific gravity of approximately 2.6. 
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The unaltered spodumene is white and more ‘or less translucent, but part is altered 
to ash-gray and to various tints of dull green, or less commonly to red or black. 

The alteration is accompanied by a loss: in lithia content and a gain in potash. 
The alteration may have been brought about by the same hot waters which original- 

ly formed the spodumene but which with Se re cone one attacked it, ppeecnyes 

out the lithia, and replaced it Cee eNe are, 


The aynesa Chemical Co., aswodd: N. J., owners and operators of the 
Etta Mine, also own the Tin Mountein mine, 6 miles west of Custer, and from it 
are producing large quantities of spodumene and amblyzonite as well as some beryl 
and pollucite. .Tnis property is the largest producer of pollucite in the United 
States. The Tin Mountain mine is also one of the largest producers of lithium 
minerals, ranking second to the Etta Mine. Amblygonite occurs at several other 
mines in this region; the Beecher claim, 5 miles nortneast of Pringle, owned by 
Green & Collingwood, is one of the more important sources of amblygonite, and The 
Peerless and Hugo mines, close to the Etta mine, and the Bob Ingersoll, 24 miles 
northwest of Keystone, also produce large quantities. A total production of 
several tnousand tons of amblygonite has been reported from the mines in this area. 


Triphylite in masses, some of which weigh hundreds of pounds, has been 
found in the Lost Bonanza, Dyke, Hugo, and other pegmatites. 


Lepidolite is important only in the Bob Ingersoll ‘pegmatite. 


Tne following table taken from reports of South Dakota authorities shows 
the value of the lithia minerals produced in the Black Hills, South Dakota. It 
includes only spodumene and amblygonite. Practically the entire vroduction is 
shipped to the Eastern Shanes and used in the manufacture of lithium salts and 
compounds. 
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Production of lithia minerals in the Black Hills, 
South Dakota 


Year Value 

1898-1913 | | 2/ $143,000 

1914, 1,150 

1915 5,120 

1916 10, 740 

1917 25 , 620 

1918 82,500 

Jan. 1, 1919 - June 30, 1920 69, 390 

July 1, 1920 - June 30, 1921 43,250 

July 1, 1921 - June 39, 1922 9,040 

July 1,°1922 - Dec. 31, 1922 15,750 

| a a 1923 39,125 
| re ee 53, B33 | 

_ 1925 40,900 

| 1926 32,000 

. oe 1927 13,140 

, 1928 21,450 

Total $606,008 


NOTE: Figures for 1914-1926. inc., are Seren tre annual resorts of the State 
mine inspector, Otto Ellerman. — 

1/ Connolly, Joseph P., and O'Harra, Cleophas C.. he ineral Vealth of the 
Black aaa ‘South Dalzota School of, Mines, Bulletin 16, May, 1929, p. 
247, 7 

2/ Ziegler, Victor, kdineral Resources of ‘the Harney Peak Pegmatites. Min. 

and Sci. Press, vol. 108, 1914, pp. 604-608, 654-656. 
| 7 , 


Lepidolite has been peoaased from one pegmatite in New Mexico for the 
past five or six years. The deposit is 9 miles east of Dixon, Rio Arriba County, 
and 12 miles from Embudo, the nearest railroad station. The output is shivped to 
the East and used in the manufacture. of opalescent glass. <As shinved it carries 
3.co.per cent of Lisd. Some lepidolite from this deposit carries many tiny —~ 
crystals of microlite (calcium tantalate), which mist be picked from the ore as 
it has a detrimental effect in glass-malcing. 


Other States 


Small quantities of lepidolite have been shin>ed from iount Mica near 
Paris, and from pegmatites 7 miles south of Andover, Maine. In,recent years a 
few thousand pounds of pollucite have been produced from three pegmatites west 
of Buckfield, and larger quantities have been shipped from the pegmatites in the 
town of Newry, 7 miles shouth of Andover. All the localities’ are’ in Oxford County 
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| Lepidolite occurs. in some quantity at Haddam, Middlesex County Conn., 
but none is known ‘to have been ‘suipped. 


t 


The following table ‘shows the production of lithium minerals in the 
United States for 1916 to nee 


“Lithiun | miecrere produced in ee United States, 


— | re pie 

Year. Of he Short tons °° Value 
1918 : 5,894 $111,600 

—-1919° ce 6,287 115,000 

1920 . 4 11,696 173,002 

. 1921 oe 1,833 32,508 
1922 et 2,192 41,300 
1923 © cae 2,310 38 , 800 
1924 ag. 2,99  62,391—«w«. 

P1985. By 14O-2 5 a BB. 500 
1926 3,700 ..0:0 7 653,400 © 

1927. s oe as 4,173 ss to . 59, 656° 
1928 se 4,600 _- : 94,759 © 


Mineral Resources of the United States, Part I. Published by U. S. Geol. 
Seay a deh rd ees eeaR tence ny S. Bureau: of Mines, 1924-1928. | 


IMPOATS AD EXPORTS 


No figures are available eenceeai as ae foreign trade in these metals or 
their compounds.-.'Mineral waters, many of which contain lithium salts, are im- 
ported, and it is: believed that from time to time small amounts of lithium metal 
are imorted.: Very: small quantities of rubidium and caesium salts nave been. 
a at intervals, ie have not ‘been ‘shown sevarately in import statistics. 


| MARKETS. AND PRICES 


The market for caesium, rubidium, and lithium is extremely limited, and 
for lithium only is there any demand at present, 


‘The principal-market for.lithium minerals is in the Eastern States. 
Practically all of the lepidolite mined in California is shipoed in crude form 
to Wheeling, VW. Va., and there pulverized for use in the glass trade. Most of 
the. spodumene | and amblygonite mined in South Dakota is shipped to Miaywood , ie Je, 
_for conversion into lithium salts and chemicals. 


The value of the lithium minerals devends, of course, largely woon their 
lithia content. In 1919 the following prices for crude ores prevailed; 
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Amblygonite, $50 to $60 per tonj{ spodumene, p20 to 525 per ton; and lepidolite, 


$14 to $20 per ton. 


Barly in 1922 ¢rude lepidolite was valued at about $18 per 


ton f.o.b. cars at mines in California. At the same time ground lepidolite sold 
for about 560 per ton (including bags) f.o.b. cars, Wheeling, W. Va. During 
_ 1928 amblygonite sold for $50 to $60 per ton, and spodumene for $20 to $30 per 


ton. 


In purchasing amblygonite, buyers usually specify a minimum lithia 
(Li,0) content of 8 per cent, as it has been found unprofitable to attemt to 
refine low-grade lithium minerals. Large quantities of lithium minerals are now 
unsalable due to their low lithia eooae as mined and prevared for snipment. 


The following is a partial ae of producers in lithium minerals; 


Maywood Chemical Geek e = Caviyzontte and spodumene) _ 


Maywood, N. J.: 


Consolidated Feldspar Co., - - — (Amblygonite) 


1005 Trenton Trust Blde., 
Trenton, me J. 


Green and Collingwood, — (Amblygonite) 


Pringle, S. D. 


National Industrial Chemical Corporation, (Lepidolite) 


200 Madison Ave., 
New Yorl:, N. Y. 


Pacific Minerals Co., (Ltd.), (Lepidolite) 


Citizens Natl. Bank Bldg,, 
Los Angeles, Calif. 


Reinbold Metallurgical Co., (Amblygonite and spodumene) 


103 S. 18th St., 
Omaha, Nebraska. 


William Kay Wallace, 
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530 Fiftn Ave., 
New Yorlk:, NW. Y. 
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Philin s. Hoyt, 
Las Tablas, ix. KM. 


. ‘Minerals. Conversion Co Se a nee wae 
Los angeles, Calif. a ee ce: 
R. T. ‘Vanderbilt Co, Sih dine 
a -50,East.4end St., 
New York, We. Yeo" oF 2 
Ward Leonard Blectric Con, 7 
Mt. Vernon, X."Y. 7 - 
Ae Dudladeey 0 ee 
w-0) Cortlandt. sf . 
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